Background: The clinical features of type 2 diabetes may differ depending on whether first depression episode precedes or follows the diagnosis of diabetes.
Introduction
Both type 2 diabetes and depression contribute substantially to the global burden of disease. They coincide more often than expected [1] [2] [3] and the combination of conditions features worse glycaemic control, poorer quality of life and an increased risk of chronic complications and premature death than diabetes alone [4] [5] [6] [7] . Their association is bi-directional with depressive disorders increasing the risk of incident type 2 diabetes [8, 9] and diabetes increasing the incidence of depression [1] . The former directional association may be stronger than the latter [10] .
The mechanisms underlying these associations remain poorly understood. Depression is potentially diabetogenic because of lax self-care behaviours and associated physical inactivity and obesity [11] , but chronic inflammation, changes in the hypothalamicpituitary-adrenal axis and the effects of antidepressant medications could also contribute [12, 13] . When depression first occurs in patients with established diabetes, aetiological factors may include the stress and burden of managing a complex disease associated with chronic complications [2] . However, while type 2 diabetes is largely a disorder of aging with peak onset in later life, depression onset is most common earlier in life.
In view of these considerations, we hypothesized that there would be potentially important clinical differences in diabetes onset, management and outcomes depending on whether depression preceded diabetes or vice versa, e.g. diabetes onset or diabetic complications could occur at an earlier age in those with previous depression. Because of a paucity of published data relevant to this hypothesis, we assessed lifetime depression and age at first depressive episode in type 2 participants in the Fremantle Diabetes Study Phase II (FDSII) [14] and compared a range of demographic and clinical characteristics in patient groups classified by lifetime depression status, specifically whether depression preceded or followed diabetes diagnosis.
Patients and Methods
Written informed consent was obtained from the participants of this study. The individual studies described below were approved by the Human Research Ethics Committee of the South Metropolitan Area Health Service of Western Australia.
The FDSII is an ongoing, observational study of known diabetes conducted in a postcode-defined geographical area surrounding the port city of Fremantle in the Australian state of Western Australia. The recruitment period for FDSII was between 2008 and 2011. Patients with diabetes were identified using available hospital, clinic and family practice patient lists, widespread local advertising (media, pharmacies, optometrists, etc) and mail-outs to registrants of the Australian National Diabetes Supply Scheme then invited to participate in a longitudinal study after confirmation of the diagnosis of diabetes. Details of these procedures as well as sample characteristics including classification of diabetes types and non-recruited patients have been published elsewhere [14, 15] . In FDSII, 4,727 diabetic patients were identified in the local population of ,157,000 in 2008 (crude diabetes prevalence 3.0%) during the 3-year recruitment period of whom 1,732 (36.6%) were recruited. The current study is based on baseline data from the 1,551 participants (89.5%) with clinically-defined type 2 diabetes.
Clinical assessment
Each participant underwent a baseline assessment that comprised a comprehensive questionnaire, physical examination and fasting biochemical tests [14] . Diabetes type was assessed from treatment history, body mass index (BMI), age at diagnosis, and nature of first presentation and/or self-identification. Non-insulin treated patients and those $60 years of age at diagnosis were usually considered to have type 2 diabetes, as were patients ,60 years of age at diagnosis and taking insulin at the time of study entry but whose first treatment was not insulin. In these cases, case records were consulted for evidence of ketonaemia, as well as islet cell antibody, glutamic acid decarboxylase antibodies, serum insulin and C-peptide levels, if available. Ethnic background was based on self-selection, country/countries of birth and parents' birth, language(s) spoken at home and country of grandparents' birth. Details of all current medications were documented, including estimates of dates when long-term medications were first prescribed.
Current depression was assessed using the 9-item Patient Health Questionnaire (PHQ-9), a brief self-assessment of depressive symptoms that is valid and reliable with high sensitivity and specificity in both primary care and in community studies of diabetes [16] [17] [18] . Participants rate nine depressive symptoms and their frequency/persistence over the previous two weeks. The PHQ-9 was used to assess major and minor depression syndromes based on Diagnostic and Statistical for Mental Disorders (DSM-IV) criteria. Major depression requires the patient to have, for at least two weeks, five or more depressive symptoms present for more than half the days, with at least one symptom being either depressed mood or anhedonia. For minor depression, patients have to have two to four symptoms present for more than half of the days with one symptom being either depressed mood or anhedonia.
Complications were ascertained using standard criteria [14] . Micro-and macroalbuminuria were defined as a urinary albumin:creatinine ratio (ACR) $3.0 and $30.0 mg/mmol respectively in an early morning urine sample, neuropathy as a score of .2/8 on the Michigan Neuropathy Screening Instrument clinical portion [19] and retinopathy as any grade in either/both eyes on retinal photography using a non-mydriatic camera. The estimated glomerular filtration rate (eGFR) was calculated from the serum creatinine [20] . Peripheral arterial disease (PAD) was defined as an ankle:brachial index #0.90 or a diabetes-related lower extremity amputation [21] . In Phase I, prior hospitalizations accessed through the Western Australian Data Linkage System [22] provided important supplementary data for ascertainment of coronary heart disease and cerebrovascular disease but this source is not yet available for Phase II subjects and so these complications are based on self-assessment in the present study. Biochemical testing was carried out in the same nationally accredited diagnostic biochemistry laboratory.
Assessment of lifetime depression
For FDSII, a novel questionnaire was devised by one of the investigators experienced in developing psychiatric instruments (SES), to assess lifetime prevalence of depression and age at time of first episode (see Table S1 ). This questionnaire, designated the Brief Lifetime Depression Scale (BLDS), was modelled on the PHQ-9 and included similar items, general format and language, but the participants were asked whether they had ever had a period during their lives lasting for two weeks or more when they experienced any of the following symptoms: ''felt down, depressed or hopeless'', ''had little interest in doing things'', and ''were less able to enjoy things''. If they answered yes to at least one of these items, they were then asked if they had also experienced sleep difficulties, tiredness/little energy, appetite disturbance, feelings of failure, concentration difficulties, psychomotor symptoms and suicidal ideation at that time. Depression was classified using DSM-IV criteria and was considered to have been present if they had had at least 5 depression symptoms, one of which had been either depressed mood or anhedonia. The year in which the episode occurred was also recorded, along with its duration in weeks, months or years, whether the patient sought treatment, the type of treatment type prescribed, whether they had experienced multiple episodes, and the age at which the symptoms began.
The BLDS was validated in a convenience sample of 27 FDSII participants, including enrichment with those suffering current depression. Each underwent an additional assessment using the Structured Clinical Interview for DSM-IV (SCID) Affective Disorders Module administered by an experienced psychiatrist (SES) who was blind to the BLDS and PHQ-9 responses. Using SCID diagnosis as the gold standard, the BLDS criteria had 92.5% sensitivity and 100% specificity; all but one patient with a diagnosis of lifetime depression based on the SCID assessment also had depression on the BLDS. Another 21 patients completed the BLDS a second time one week after the first with a Kappa statistic of 0.72 for diagnosing lifetime depression and intraclass correlation coefficient of 0.80 for the total score.
Patient categorisation
Participants were classified into four groups based on the relative timing of diabetes and first depression onset defined using BLDS, supplemented as described below by the presence/absence of current depression and antidepressant medication history. Group 1 were those who had never experienced depression. Group 2 comprised participants diagnosed with depression .2 years before diabetes onset. Group 3 were diagnosed with both depression and diabetes within 2 years to allow for potential uncertainty surrounding the timing of diagnosis. Group 4 comprised participants diagnosed with depression .2 years after diabetes diagnosis. Patients who screened negative on the BLDS but positive on the PHQ-9 were considered to have new-onset depression.
There were 71 FDSII participants taking antidepressant medications who screened negative for both lifetime and PHQ-9 depression. Two experts (SES, DGB) independently assessed whether the antidepressant medication was prescribed for depression or other reasons with consensus when there was initial disagreement. Forty-one were considered to be have been prescribed treatment for depression and were assigned to groups based on the date of first prescription (20 to Group 2, 6 to Group 3 and 15 to Group 4) while 23 were considered to have been treated for other conditions (anxiety, chronic pain, insomnia and urinary incontinence management) and seven were excluded with potentially unreliable responses (unclassifiable).
Statistical analysis
The computer package IBM SPSS Statistics 19 (IBM Corporation, Armonk, New York, United States) was used for statistical analysis. Data are presented as proportions, mean6SD, geometric mean (SD range), or, in the case of variables which did not conform to a normal or log-normal distribution, median [interquartile range, IQR]. For independent samples, two-way comparisons for proportions were by Fisher's exact test, for normally distributed variables by Student's t-test, and for non-normally distributed variables by Mann-Whitney U-test. Multiple comparisons were by Fisher's exact or chi-squared tests for proportions, one-way ANOVA for normally-distributed variables, and the Kruskal-Wallis test for non-normally distributed variables. To further examine differences between groups 1 and 2, a nested casecontrol study was conducted with each group 2 case matched by age, sex and diabetes duration to a control from group 1 in a 1:1 ratio. A two-tailed significance level of P,0.05 was used throughout.
Results

Sample characteristics and lifetime depression
Of the 1551 patients with type 2 diabetes (mean age 65.7611.6 years, 51.9% male) recruited to the FDSII, 1443 (93%) completed the PHQ-9, 1399 (90%) completed the BLDS, and 1391 (90%) had sufficient data for classification. The 160 non-completers were the same age as the completers (66.0614.6 years vs 65.6611.2 years, P = 0.80) and had similar diabetes duration (10.0 [3.0-17.0] vs 8.8 [2.7-15.8] years, P = 0.27), but they were more likely to be female (57.5% vs 47.0%, P = 0.012), less educated (73.3% vs 88.0% beyond primary level, P,0.001), not fluent in English (18.21% vs 9.8%, P = 0.003), and to be Aboriginal (28.1% vs 4.2%) while being less likely to be of Anglo-Celt ethnicity (31.9% vs 55.9%, P,0.001).
After classification, 58.7% of the sample had no history of depression (Group 1), 20.8% had depression that preceded diabetes (Group 2), 6.0% developed depression within 2 years of diabetes diagnosis (Group 3) and 14.5% had depression that followed diabetes onset (Group 4; see Table 1 ). The prevalence of current depression in the sample was 5.7% for minor depression and 6.0% for major depression. Overall, 41.3% of the sample reported having had depression at some time i.e. the lifetime depression prevalence.
Clinical features
Key diabetes and depression-related features of the four groups are summarised in Table 1 . Group 2 patients, the largest group with a history of depression, reported their first depressive episode at mean age 37.2 years, a median 15.6 years before diabetes onset. In Group 4 patients, depression first occurred a median 9.9 years after diabetes diagnosis at mean age 59.8 years and they had developed diabetes at a younger age and had longer diabetes duration than the other groups. All depression groups had a female preponderance. Current (PHQ-9) depression was significantly more prevalent in Group 4 than Group 2 patients, explained by a significant excess of minor depression. Yet proportionally fewer of this group were taking antidepressants (Group 4 vs Group 2: 52.1% vs 75.7%, P,0.001). When considering patients taking antidepressants without current depressive symptoms (who could be considered to have treated or controlled depression), there were also significantly fewer of these in Group 4 than in Group 2 (31.6% vs 56.6%, P = 0.042).
Sociodemographic and clinical features of the four groups are summarised in Table 2 . Patients in the three depression groups were less likely to be married or in a relationship, more likely to be current smokers and, in Group 4, less well educated and less likely to be fluent in English than those in reference Group 1. Group 4 patients were also receiving more intensive diabetes management, had worse glycaemic control and had more microvascular complications and more PAD and ischaemic heart disease than all other groups. In contrast, Group 2 patients had clinical features much more similar to never-depressed patients except for younger age, shorter duration diabetes and fewer microvascular complications when studied. To further explore possible differences between Groups 1 and 2, we conducted a nested case-control study and matched each Group 2 patient with a Group 1 patient by age, sex and diabetes duration. In this analysis (see Table 3 ), there were no differences between the groups in age at diabetes diagnosis, use of glucose-lowering treatments, glycaemic control or in most chronic complications, but Group 2 had higher smoking rates, more frequent claudication symptoms (although not more PAD) and fewer performed self monitoring of blood glucose.
Discussion
The main finding of the present study was that there were substantial clinical differences between patients with type 2 diabetes and a history of depression depending on whether depression pre-dated diabetes or first developed after the onset of diabetes. In Group 4, depression first occurred an average of a decade after the onset of the diabetes and was associated with poor glycaemic control despite intensive diabetes management and considerable morbidity from microvascular and macrovascular complications. All conventional chronic complications, except for stroke, were more prevalent in this patient group, and the associated disease and treatment burden was likely to be considerable. In Group 2, the first episode of depression was reported to have occurred a median 15 years before the onset of diabetes and there were few differences compared with neverdepressed patients with no difference in diabetes onset and most chronic complications. Nevertheless, this patient group also had several adverse prognostic features that have been associated with depressive disorders [23, 24] . Fewer of them performed home blood glucose monitoring consistent with reduced treatment adherence [23] and more were current or ex-smokers consistent with the higher rate of symptomatic PAD [24] . We created an additional category, Group 3, in which both diabetes and depression developed at around the same, for methodological reasons. This group had clinical features that were intermediate between the other depression groups but comparisons are difficult given the small group size and differences in age and diabetes duration when they were studied. It is conceivable that psychological vulnerability explains why some patients become depressed at or soon after the diagnosis of diabetes and the planned longitudinal follow-up of the cohort should help clarify the clinical picture in this situation.
There were also between-group differences in relation to current depressive symptoms. Group 2 patients had less current depression than the other two groups. This may have been, in part, because of successful diagnosis and treatment. Proportionally more of this group were on antidepressants without reporting current depression symptoms, presumably indicating a prior response to initial and maintenance therapy. In addition, proportionally more of the patients in this group who had current depression symptoms were taking antidepressants, indicating that they had already been diagnosed. This is in contrast to Group 4 patients who had the highest prevalence of major and minor depression yet the lowest rate of antidepressant treatment. Mood disorders that first occur in the context of established diabetes appear to be more difficult to detect than at other times and these patients have a higher risk of remaining under-diagnosed and undertreated.
The strengths of the present study include the comprehensive nature of the clinical assessment conducted in a large communitybased cohort and the use of the well-validated PHQ-9 depression assessment instrument. The limitations include the cross-sectional nature of the analysis, the reliance on patient self-reports for depression assessments including the use of a novel scale for assessing lifetime depression given the absence of a suitable, alternative instrument. The PHQ-9 has high negative predictive value but a positive predictive value of around 50% [17] indicating that a proportion of patients with current depressive symptoms may have been misclassified. This would not be expected to alter the main conclusions of the study appreciably given that group assignment was based largely on the BLDS. The PHQ-9 has been recommended as a diagnostic and management tool for collaborative care interventions in diabetic patients [25] , in part because sub-syndromal depression may also have an adverse impact in diabetes [4, 5, 26] . Recall bias is expected to lead to an underestimate of lifetime depression [27] and would be expected to affect the results of this study by potentially misclassifying Group 2 cases into Groups 3 or 4. This would be expected to weaken the clinical differences that we have reported. The validation exercise indicated that the BLDS had equivalent diagnostic accuracy to a psychiatric diagnostic interview in our cohort and may be a useful tool in similar studies but the validation sample was small and the BLDS needs further validation.
There is limited information on the course of depression in diabetes and most existing prospective studies have been conducted in small, clinic-based samples and aimed to assess depression incidence and causes [10, [28] [29] [30] [31] . A recent large telephone survey using the PHQ-9 reported that 20% of the sample had progressive depressive symptoms over 3 years, which appears to be consistent with our Group 4 findings [32] . A study of lifetime depression prevalence in a sample of women reported similar findings to our study in that the women with previous depression were also less likely to perform blood glucose monitoring [33] . Overall, 41% of our cohort reported having experienced depression during their lifetime. This lifetime estimate is considerably higher than reports from general population samples that had a 20% lifetime prevalence of mood disorders [34, 35] but appears consistent with the known strong bidirectional association with diabetes [1, 8] .
The present findings have clinical implications for the diagnosis and management of depression in diabetes. Enquiring about lifetime depression histories appears worthwhile when type 2 diabetes is diagnosed. Patients with a prior history of depression would be expected to benefit from targeted programs aimed at preventing future depression episodes [36] and may require increased efforts aimed at improving self-care and reducing cigarette smoking, particularly as smoking is a risk factor for future depression and depression is a risk factor for starting and maintaining cigarette smoking [37] . Some patients develop depression at the time of diabetes onset and in others, the risk of depression appears to increase with time as hyperglycaemia becomes more difficult to control and complications develop. These data indicate that diabetic patients might benefit from repeated depression screening at specific intervals, such as at diagnosis, during therapy intensification and when complications develop. The association with micro-and macrovascular disease in this group suggests that some patients may have subclinical cerebrovascular disease that has been causally associated with lateonset depression [38] .
In conclusion, there are substantial differences in the clinical features of both diabetes and depression depending on whether depression predates diabetes or first occurs in established diabetes. Differentiating these temporal patterns may assist future studies of the aetiology, diagnosis and management of depression in patients with type 2 diabetes. Author Contributions
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